The objectives of this study were to define the role and haemodynamic features of penile vascular insufficiency in impotent renal transplant recipients (RTR) as well as to establish the possible vascular risk factors for impotence in these patients. A total of 54 RTR (35 impotent and 19 potent) and 21 potent healthy subjects were included in this study. All patients were assessed clinically and by measurement of serum creatinine, serum bilirubin, cyclosporine blood levels, haemoglobin and total serum cholesterol. All subjects were subjected to intracavernous injection of 20 mg prostaglandin E 1 followed by colour Duplex sonographic examination. Our results showed that impotent RTR were significantly more likely than potent RTR to have hypertension, diabetes and hypercholesterolaemia (P < 0.05). Arterial occlusive disease was identified in 42.9% of impotent RTR. Findings suggestive of veno-occlusive dysfuntion were found in 68.6% and 26.3% of impotent and potent RTR, respectively (P ¼ 0.003). Unilateral ligation of the internal iliac artery has a negative role on haemodynamic parameters compared to unilateral end-to-side anastomosis to external iliac artery in impotent RTR (P < 0.05). Impotent RTR receiving more than one antihypertensive drug showed significant decrease in basal peak systolic velocity (PSV), dynamic PSV, erectile angle and cavernosal artery diameter compared to those receiving one drug (P < 0.05). In conclusion, penile vascular insufficiency appears to play a substantial role in the pathogenesis of impotence in transplant patients. Anastomosis of the graft to external iliac artery could preserve the potency to some degree. Antihypertensives should be reduced as much as possible to avoid their negative effects on erectile function.
Introduction
Recent studies investigated the prevalence of impotence after renal transplantation indicate that it is still high and clinically relevant ranging from 48 to 56%. 1, 2 The etiology of erectile dysfunction in transplant recipients is often multifactorial. Vascular insufficiency as a cause of impotence in renal transplant recipients (RTR) has received limited attention. In 1983, before the significant progress in diagnostic techniques of impotence, Nghiem et al 3 found no correlation between penile brachial index and vascular impotence and age of RTR. Two studies diagnosed corporeal veno-occlusive dysfunction in 31% and 80% of RTR. 4, 5 A recent study detected arterial insufficiency in nine out of 11 patients. 6 These studies are either old 3 or have been conducted on a limited number of patients and frequently lack a control group. 4 -6 On the other hand, the efficacy and safety of intracavernous injection (ICI) therapy in 60 -70% of impotent RTR were reported 7, 8 without comment on penile circulation. The purpose of this study was to explore the role and the haemodynamic features of penile vascular insufficiency in erectile dysfunction in RTR using pharmacological stimulation and colour Duplex ultrasonographic examination (CDU) and then to determine the possible vascular risk factors for impotence in these patients.
Patients and methods
This study was conducted on two groups of subjects (Table 1) .
Group I. Renal transplant recipients, these included 35 impotent and 19 potent patients who received kidneys from living related donors and who attended the outpatient clinics of Andrology unit and Nephrology and Urology center, Mansoura University (Egypt). All RTR were receiving immunosuppressive treatment which consisted of a combination of prednisolone (0.15 mg=kg per day), azathioprine (1 mg=kg per day) and cyclosporine A (4 mg=kg per day) except nine patients (five impotent and two potent) who were receiving prednisolone and cyclosporine A of the same dosage.
Group II. Non-transplant males, these were comprised of 21 potent volunteers (age range 31 -49 y; mean AE s.d. 40.1 AE 5.4 y) who were selected randomly for enrolment in the study. All of them had normal renal function with no history of renal disease, treatment with immunosuppressive drugs or irradiation.
All subjects gave their verbal consent to participate in the study. Diagnosis of erectile dysfunction was established according to the National Institute of Health statement on erectile dysfunction. 9 Sixteen RTR developed impotence since the occurrence of uraemia while 19 patients, developed erectile dysfunction after transplantation. The potent RTR were chosen on the assumption that a satisfactory erection had occurred after transplantation. A complete medical and surgical history was taken to elicit any possible vascular risk factors for erectile dysfunction such as hypertension, use of antihypertensive drugs, diabetes and the use of internal iliac artery to revascularize the graft. In all recipients, the blood concentrations of haemoglobin, creatinine, total cholesterol, bilirubin and cyclosporine whole blood trough level, were determined in a fasting sample. In a quiet environment, erection was induced by intracavernous injection (ICI) of 20 mg prostaglandin E 1 (PGE 1 ) and the degree and the duration of erection as well as the maximum erectile angle were recorded. ICI was repeated if the first injection failed to induce a rigid erection. Response to ICI of PGE 1 was considered positive when there was rigid erection with an erectile angle ! 90 and erection persisted for longer than 15 min. Penile CDU (An Accuson-128 XP with linear transducer 5 -10 MHz and a pulsed Doppler probe with a frequency of 5 MHz) was performed during the flaccid state (basal) and following ICI of PGE 1 (dynamic) with serial measurements of peak systolic velocity (PSV), end diastolic velocity (EDV), resistance index (RI) and cavernosal artery diameter every 5 min for 30 min. The RI was calculated as (PSV 7 EDV)=PSV. Generally accepted normal values were used regarding a dynamic PSV less than 30 cm=s as indicative of arterial insufficiency, RI less than 0.85 and EDV more than 5 cm=s as suggestive of veno-occlusive dysfunction. Regarding the penile blood flow parameters, the mean values of both right and left cavernosal arteries were considered in the statistics.
Statistical analysis
The data were statistically processed using SPSS program for Windows, standard version, release 8.0. Nonparametric variables were expressed as median and range and analyzed with nonparametric statistical tests. On the other hand, mean and standard deviation (s.d.) were used for parametric parameters. A P-value < 0.05 was considered statistically significant. A striking finding, was the significant inverse correlation between the serum total cholesterol concentration and the haemodynamic parameters in impotent RTR (Table 3) . Table 4 shows comparison of ED in renal transplant recipients IA Abdel-Hamid et al haemodynamic parameters between impotent transplant revascularized end-to-end to internal iliac artery and those revascularized end-to-side to external iliac artery. The majority of our impotent patients were revascularized unilaterally either endto-end to internal iliac artery or end-to-side to external iliac artery except for two patients who were revascularized bilaterally, one side end-to-end to internal iliac artery and the other side end-to-side to external iliac artery. These last two patients showed mixed arterial and veno-occlusive dysfunction. Our results demonstrated that impotent RTR receiving more than one antihypertensive drug showed statistically significant decrease in erectile angle, duration of pharmacologically induced erection, per cent increase of arterial diameter (MannWhitney Z ¼ 69.5, 66.5 and 61.5, respectively, all P < 0.05), basal PSV and dynamic PSV (t ¼ 2.2 and 2.1, respectively, both P < 0.05) compared to impotent patients receiving one antihypertensive drug.
Results

Many impotent RTR demonstrated vascular risk factors for impotence including hypertension and
Discussion
Our investigation showed a higher incidence of hypertension, diabetes and hypercholesterolaemia among impotent compared to potent RTR. These findings indicate that these factors contribute to erectile dysfunction in RTR. The increased blood pressure per se does not appear to impair erectile function, it is thought that the resultant dysfunction is caused by the associated stenotic lesions. 10 The presence of hypercholesterolaemia enhances the deposition of lipid in the vascular lesions causing atherosclerosis and eventual occlusion. 11 Furthermore both atherosclerosis and hypercholesterolaemia could decrease the endothelial-dependent smooth muscle relaxation and this could decrease the cell's ability to release nitric oxide. 12 Revascularization of the renal transplant is typically accomplished either end-to-end to the internal iliac artery or end-to-side to the external iliac artery. It has been reported that the risk of vasculogenic impotence following anastomosis of renal graft end-to-end to internal iliac artery is 10%, 13 but; following a second transplant to the other internal iliac artery, the incidence climbs to between 25 14 and 65%, 15 due to the reduction in the penile blood supply. In our study, no significant differences were found between the potent and impotent RTR in terms of the number of the recipients revascularized by end-to-end anastomosis to internal iliac artery or those revascularized by end-to-side anastomosis to the external iliac artery. On the other hand, there was a significant decrease in the basal PSV, dynamic PSV and RI in impotent recipients revascularized by end-to-end anastomosis to the internal iliac artery compared to impotent patients revascularized by end-to-side anastomosis to the external iliac artery, indicating that unilateral ligation of the internal iliac artery has a negative role on erectile function following kidney transplantation. Impotent recipients receiving more than one antihypertensive drug showed statistically significant abnormal erectile and haemodynamic parameters compared to those receiving one drug. The possible explanation is that, these patients could have more arterial injury and higher blood pressure necessitating the addition of more than one antihypertensive drug. The significantly increased duration of haemodialysis among impotent group indicates that the length of time during which the cavernous tissue and penile vasculature exposed to uraemic toxins is probably crucial in impairing erectile function. The negative vascular impact of haemodialysis has been documented both on cavernous and penile macrovascular inflow 5 and microcirculation. 16 Our results showed no significant difference between potent and impotent RTR patients regarding interval after transplantation. These findings are in line with those reported by others. 2 In this study, no statistically significant relationship between the haemodynamic parameters and cyclosporin A blood level could be demonstrated. These findings are supported by Ragazzi et al 17 who 18 Also cyclosporin A induces hypertension. 19 Hypertension is a known risk factor for erectile dysfunction. Lastly, cyclosporin A was found to accumulate extracellular matrix by increasing collagen 1 in cyclosporintreated endothelial cells 20 and also induces up-regulated expression of transforming growth factor-beta 1 21 that may induce fibrosis of the corpora cavernosa. Accordingly, cyclosporin A could contribute to erectile dysfunction in RTR and this might explain, at least partially, why we have observed high incidence of veno-occlusive dysfunction in our patients.
The results of the vascular evaluation of the impotent RTR in our study suggest that arterial occlusive disease has an evident role. With CDU, 42.9% of the patients were believed to have arterial occlusive disease and 68.6% were believed to have veno-occlusive dysfunction, while mixed arterial and veno-occlusive dysfunction were found in 22.9%. The exact pathogenesis of arterial occlusive disease in impotent RTR could be due to associated vascular risk factors. This is further supported by the presence of significant positive correlation between serum total cholesterol concentrations and the studied haemodynamic parameters. CDU is not a direct test of venous function but could suggest the presence of veno-occlusive dysfunction. An evidence of vascular etiology of impotence in RTR was reported by several studies. 4 -6 It is worthwhile mentioning that the haemodynamic parameters measured by CDU were significantly lower in impotent RTR compared to both potent RTR and the potent general population.
The fact that RTR of comparable age and posttransplant duration showed different haemodynamic parameters can mean that there is a different susceptibility to vasculopathy in individual patients. Perhaps some RTR are genetically predisposed to vasculopathy 22 and, therefore, they become impotent. The presence of normal blood flow parameters in 11.4% of impotent RTR suggests that post-transplant impotence, although importantly vasculogenic, is multifactorial in nature. On the other hand, the presence of abnormal EDV and RI in 15.7% of potent RTR could be explained on the basis that some patients my have a stimulating environment, such as an understanding and=or sexually undertaking partner, which can compensate for physical deterioration. The haemodynamic parameters did not correlate with the serum creatinine, bilirubin and haemoglobin concentrations, possibly because these laboratory parameters were within the normal range in most cases.
In conclusion, our results indicate that penile vascular insufficiency appears to play a substantial role in the pathogenesis of erectile dysfunction in RTR. In addition hypertension, diabetes mellitus and hypercholesterolaemia are the major risk factors for vascular insufficiency. The therapeutic implications of this study are that, anastomosis of the graft to the external iliac artery instead of internal iliac artery could preserve the blood supply to the penis to some degree, and antihypertensive medications should be reduced as much as possible to avoid their negative effects on erectile function. Although this study could not demonstrate a specific role for cyclosporin A in the pathogenesis of erectile dysfunction after kidney transplantation, future studies could address this role in the light of our discussion.
